Searching PAJ 



http://wwwljpdljpo.gojp/KAi/resuii/Vjeiaii/main/wAAAti 1511 1DA4 ICfi5i!i720P1 .liln 



PATENT ABSTRACTS OF JAPAiN 



(! nPublicalion iniinber : 10-05(1720 

(43)001^ orpublicalion of application ; 20.02. 19L>S 

HOIL 21/331 
HOIL 29/73 
HOIL 29/205 



( 2 t )Api)licalion niiinhcr : OSj203435 



(7 I )Applicanl NIPPON TELEGR cV TELEPH C ORP 
<NTT> 



t22)Daleof1iliim : 



01.08.1996 



(72)lnvcnlor 



YAMAHAT A SHIYOIJJI 



(^4) MANUFACTURE OF SEIMICONDUCTOR DEVICE 

(5 7) Abstract; 

IM^lfJlilLEM TO BE SOL.VED: To produce a veiy small sized hetero-junction 
I'll polar iransislor (HVT) having a high current ainj.il ill cation factor, good iiigh 
ficqueiicy chai'aclerislics and su]^crior reliability, 
S( )1.,UT1(JN: This manufacturing method comprises step of spi^eading 
bisbenzcicycloluitcn li^CB on tlie surface of a semiconductor device by the 
spin coaling, curuig it lo perfectly harden the BCB, thereby ■forming a 
passivalion film 10 for i.M'otecting the seuuconductor device surface, and steii 
o\' fonning a silicon oxide film 1 1 on Ihis film 10 at a lower temp, than the 
curing temp, and selectively etching tlie film 1 0 with use of the oxide film I 1 
to torn] wiring contact holes 14, 




LEGAL STATUS 

I Date of request for examinalion] 12.1 2.2000 

I Date of sending the examinei^'s decision of rejection] 

I Kind of final disposal of aj^plication oUier than tlie examiner's 
decision of rejection or a]:)plication converted registration] 

I Date of fuial disposal for application] 

[Latent number] 

I Date of registration] 

[Nuinber of a]3].ieal against examiner's decision of rejection] 

\D[]{c of requesting ajipeal against examiner's decision of 
i"cjection] 

[Date of extinction of right] 

C:opyright (C); 1998,2000 Japan Patent Office 



t of 1 



10/22/02 4:36 PM 



http://vww4jpdlJpo.goJp/cgi-bin/tran_...2522%25208GCOLOR%3D%25i^2ligrityellow%252> 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1 . This docuiiicnl has been translated by com].nite!-.So tlie translation may not rellect the original preeisely. 
2 shows tlie word whieh can not be translated. 
3. In tlie drawings, any words are not ti ansiated. 



CLAIMS 
lCiann(s)J 

I Claim 1 J The manufacture method of the semiconductor device using tJie com],iound semiconductor chai acterized by providing 
the following. The pi'ocess which fomis the passivation film which protects the front face ol"a semiconductor device by stitVcning 
this vanush-like macromolecule precursoj' completely by carrying out curing after applying the va.mishdike macronK)lecuie 
precursor which makes a carbon element the main skeleton and contains the chemical bond of silicon elements in the molecular 
sinictTirc on the suifaee of a semiconductor device by the spin coating method. The process which forms the contact hole for 
wu'ing by foniiing a silicon o.xide (Si 02) at low temperature, and **+***>i=***ing tlie aforementioned passivation film 
alternatively using this silicon oxide from the aforementioned curing temperature on the dbrementioned jnissivation film. 
|Chiim 2 1 The process which fonns the aforementioned contact hole for wiring The sihcon oxide (Si(')2) formed on the 
aroremenlioned passivation film After using the usual photoresist as a mask and ****** >it*»f«>fcjj^^ |;^y t]^^. reactive-ion-etchmg 
method using 6 fluoride | ethane | (C2F6) gas. The manufacture method of the semiconductor device according to claim 1 
characterized by **********ing alternatively to the aforementioned silicon oxide by tlie reactive-ion -etching [ film / passivation / 
al()rementioned ] method using the mixed gas of 6 sulfur fluoride (SF6) and oxygen (02). 

|(Jiaim 3] The aforementioned vaniish-like macromolecule precursor is the manirfactui'e method of the semiconductor device 
according to claim 1 or 2 char act ei'ized by being a SA[KUR(;)TEN resin. 

[Claitn 4] The aforementioned vaniish-like macromolecule precursor is the manufactm'e method of the semiconductor device 
according to claim 1 or 2 characterized by being screw benz-cyclo-butene (BOB). 

[Claim 5] It is the manufacture method of a semiconductor device given in any of the claim 1 characterized by the aforementioned 
curing temperature being low^er than the ohmic alloy temperature for making OMIKKU join a base electrode to a base layer at 
least when the aforementioned semiconductor device is tlie mesa t}^pe heterojiuiction bipolar transistor to wliich tlie laminating of 
a collector contact layer, a collector layer, a base layer, an emitter layer, and the emitter contact layer was cairied out one by one. 
or a claim 4 diey are. 

|(Jlaim 6 1 It is tlie manuliicture method of a semicondtictor device given in any of the claim I characterized by the aforementioned 
curing temperature being lower than the ohmic alloy temperature for the soiu'ce, tlie heat-of-activation ]^rocessing lenij^ierature of 
ihe ion-implantation field of a drain, oi" olrmic electrode production at least when tlie aforementioned semiconductor device is a 

II eld-effect tj*ansistor, or a claim 4 they are. 
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DETAILBD DESCRIPTION 



I Detailed Descri].Mion of the Invention! 
10001] 

[The technical field lo which invention belongs] About tlie manufacture method of a helerojunction bipolar transistor (it is 
hereatler written as HBT), especially, this invention has a detailed transistor size for the purpose of ap].)lieation in a low-power 
cu'cuit, and relates lo the manulacture method of HBT which was excellent in the RF ]:)roperty with the high cuirenl aini)lification 
factor. 
|0002] 

|1 )escnption of the Prior Aj1J HBT has many advantages advantageous to highly-efficient-izing of a ti'ansistor -- thai a big cuirent 
amplification factor is obtained, **, for this reason base resistance are stojiped low, without l educing an emitter injection 
efficiency, even if it makes high impuritA' concentration of** base high - by using a semiconductor material witli a bigger band 
uap than the base for an emitter. If compound sennconductor material is used especially, advantages -- excelling in elecu onic 
transport ]iroperties, that the combination of a helerojunction spreads by selection of** material, and not only ** electron device 
but the fusion to an o]:)tical device is i.)ossible — wqll increase. 

|0(X13] HBT using the compound semiconductor grows the target semiconductor layer ej^itaxially on the semiconductor substj-ate 
w hich uses a field as the main front face generally (100), it fonns mesa structure, fonns an oluiiic-contact electrode in an emitter 
la\ er, a base layer, and a collecloi' layer, respectively, and is manufactured by etching. 

|(i004] hi ordei'to I'educe such parasitism resistance of HBT, and a para.sitic capacitance, ajid to attain im]:irovement m the speed 
and to attain high integration and low-power-ization, a transistor size needs to be detailed-ized. However, we are anxious about 
havmg a bad influence on that the inlluence of the stirface recombination cuirent generated along the surface circumference length 
foi- an emitter / base joint becomes remarkable, and causes decline in a cuirent amplification factor with detailed-izing of a 
transistor size, or an element life etc. 

|0005] The passivation film foniied in a semiconductor front face has big inJluence on generating of this surface recombination 
cuirent. Impioi'ities, such as moisture contained in tlie injuiy when fonning a passivation film, stress (stress), and a film, disturb a 
semiconductor interface, and leakage-cuirent increase is accelerated. Since tlie combination of the material in which the element 
which constitutes a semiconductor fomis p-n junction by two or more kinds goes especially across a com]XHind semiconductor 
hetero stnictural material variably, generating of a surface recombination cuirent depends Ibi* it on the kind of passivation film, 
and the manufacture method greatly. For example, a radiation loss blemish is introduced into a semiconductor front f ice at the 
time of deposition, and, as for the silicon oxide and silicon nitride which were made to deposit in a ]i]asma C VD method or a 
spatter, a siuface recombination cuirent increases. Moreover, the sti-ess of a sihcon oxide or a silicon nitride also serves as a cause 
of surface-recombination-cuirent increase. 

| ()006] There aj*e few injuries exerted on a terrorism structure device, especially an LiP substrate from these reasons to a 
compound semiconductor at the semiconducting ciystal at tlie time of deposition at material systems which auiy out grid 
adjustment, such as InP, InGaAs, and liiAlAs, and \hc organic s\'stem thin film by which stress is also ea.sed is well used as a 
surface BASSHIBESHON film. The organic system thin film represented by tlie polyimide usually applies a vainish-like 
macroniolecule precursor all over a wafer by spin coating, and is made to harden it by perfoniiing curing (curings hardening 
processing : specifically heating, UV irradiation, etc.), and membrane fomiation completes it. 

10007] tlowever, since minor reaction objects, such as moisture, are generated during a polymerization, the conventional 
|)olyimide of using a polyimide film for the passivation film of a comjiound semiconductor is not desirable from a viewpoint of 
reliabihty. for tliis reason, the inside of a film -- secondai-y - as the organic system diin film which shows low liygroscopicity and 
n\p\d moisture discharge nature, excluding degree product -- a SAIKIJROTEN resm - Especially EiCB of them (screw 
benz-cyclo-butene) [ promising ] (For example) "DAVID BURDEAUX and PAUL TOWNSEND and JOSEPH CAF^R and 
Journal of Electixmic Materials, VoL,19, and No. 12, 1 990, pp. 1 357-1 366", "R.H.Heistand II et al., and The IntemationalJouinalof 
Microcij-cuits and Electronic It is illustrated by Packaging, Vol. 1 5, No. 4, 1 992, and pp 1 83- 1 94." This BCB resin has the feaUire 
advantageous to a compound semiconductor, like curing temperature excels the polyimide in a low. fiat nature, chemical 
resistance, and solvent resistance. 

[0008] However, the method of **********ing 3CB completely hardened after curing is limited to the ]:)lasma etching method 
which contained tlie fiuorine (F) as a reaction kind. This is because combination of Si-Si exists in the molecular structure of BCB, 
and is because combination of this Si-Si cannot be completely cut in the ox}'gen plasma etching usually peifomied by the 
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jioK'imide. 

1 0009] In order to fonn the conlael tlirougli hole for wiring ofHBT by which passivation was earned out by the BCl:^ tihiL alter 
usually canying out patterning by optical exposure of g hne, i hne, etc. on a BCD tliin film by the photoresist, plasma etching of 
the BCF:^ thin film is earned out for this jMiotoresisl to a mask, and an electrode metal is exposed. I-lowex er, since l;u)th ol' 
photoresists and BCB films are the macromolecules which made the carbon element the main skeleton, the etching rate to j^lasma 
ciching is almost the same, and cannot give selectivity. Therefore, if plasma etching of the 13CB film is cairied out with a 
phnttiresist mask, since the etching rate of a pliotoi'csist is quick, side etching will advance during plasma etching, and a paUern 
will spread. 

[0010] Especially, detailed-ization becomes dilTicult to the emitter electrode wliich needs Ihc narn.)west contact through hole, hor 
example, the photi.iresist pattern (aperture) of 0.4-micrometer width of face which is the limitation of the optical exposing method 
IS tbrmed in die BCB thin film on O.S-micromeler emitter electrode of width of face. When canying out plasma etching of the 
lU.^E^ thin film ol'about 0.5 micrometers of thickness, in order that etching of 0.2 mici'ons or moi-c of one side may go into the side 
oi'a j.ihotoresisl mask. If it is difficult to foi'm a contact through hole with a width ef face of 0,8 micrometers oi' less and |iaUeni 
doubling precision is considered, it will be hard to realize high integration of a detailed I-EIBT element which has an emitter 
electrode with a width of face of i .0 mici*(.imeters or less. 

|00 1 1 ] Anodier metinxl oftaking out wiring from the emitter electrode of detailed HBT is the technique of "emitter electrotie 
search" lo which etchback of the insulator layer made to deposit all over a wal:er is cairied ont, and only an emitter electrode is 
exixised, Howevei\ since there are difficulty [ etchback ] of control and a ]iattern dependency, the direction which forms a contact 
liirough hole rather llian this emitter electrode pulling-out-head method is suitable for high integration of detailed HBT. 
1 00 12] 

|broblem(s) to be Solved by the Invention] as menhoned above, the inside of a film — secondaiy in order to ********** the 
HCB lilin which shows low hygroscopicity and ra}.iid moisture discharge nature, and fits the ].lassi^'ation film on the tront face of a 
semiconductor, excluding degree product, etching sufllcient in the oxygen ]:)lasma etching conventionally used by the j^olyiinide 
does not have since real appearance This is because Si-Si combination is included in the molecular structure of B(^"EV 
[001 .1] Moreover, although it is necessaiy lo etch using tlie mask which canied out patterning by the ],ihotoresist in order to use 
this BCB thin film for the surface passivation film of a compound semiconductoi- HBT and to fonn a contact through hole, side 
etching of a photoresist mask becomes remarkable during etching of a BCB thin film, and fonnation of tiie contact through hole of 
a detailed size becomes difficult. In itie usual optical exposure, the limitation fomied the aperture of ().4-microineter width of face 
in the photoresist, and when the amount of side etching and doubling precision over the jihotoresist under etching were taken into 
cntisideration, foniung an apeiture naiTOwer than 1 .0 micrometers with sulficient homogeneity had the veiy difficult jiroblem of 

1 00 14] diis invention is made in order to solve the problem of the conventional technology like the above, and it aims at olfering 
the manufactiu-e method of the semiconductor device which makes possible I-ffiT of a detailed size excellent in a high cuixent 
am|.ililication factoi", a good RF property, and reliability. 
[0015] 

[Means for Solving the Problem] In order to attain the above-mentioned puipose, in this invention, it constitutes so that it may 
inciicate to a claim. jNamely, it sets to invention according to claim 1 . A carbon element is made into the main skeleton in the 
manufacture method of the semiconductor device using the compound semiconductor. And after a|.^]."ilying the vaniish-like 
macromolecule precursor containing the chemical bond of silicon elements on the surface of a semiconductor device by the .spin 
coating metliod into the molecular stiiicture, E^' stiffening this vaniish-like macromolecule precursor completely by canying out 
curing The process which fomis the ].-)assivation film which protects the front face of a semiconductor device. It has die process 
which fonns tlie contact hole for wiring by tbrming a silicon oxide (Si02) at low temperature, and **********ii-ig the 
albrementioned passivation film alternatively usiug tliis silicon oxide from the aforementioned curing tem]:)eraiure. on the 
atbrementioned passivation film. 

1 00 16] hi addition, although the method of heating as the aforementioned curing (hardening jirocessing) at predetennined 
temi.ierature (guarantee temperature which the resin maker generally defined) is used, since there is a possibility of j.iroducing a 
certain chemical change on a passivation film as it is more than the curing temperature of the above | the temperature at the time 
of foniiiiig a silicon oxide ], foniiing below at curing temperature is desirable [ a silicon oxide J. 

|(X)1 7] Moreover, the process which foi'ms die aforementioned contact hole for wiring For exam].)le, the silicon oxide (Si02) 
aecordmg to clahn 2 formed on the aforementioned passivation film like A.fter using the usual ].)liotoresist as a mask and 
*'^'*''^'******ing by the reaciive-ion-etching method using 6 lluoride [ ethane ] (C2F6) gas, The aforementioned passivation film 
IS alternatively ******** + *ed lo the aforementioned silicon oxide by the reactive-ion-etching method using the mixed gas of 6 
sulfur fluoride (SF6) and oxygen (02). 

1 00 1 8] Moreover, the albrementioned varnish-like rnaci'omolecule precursor can use screws benz-cyclo-butene (BCB) for a claim 
^ like a ].Hiblication like a publication at a SAIKUROTEN resin and a claim 4. 

1 00 19] Moreover, since there is a possibility that the operation of the range of an alloy being exjiajided which is not desirable may 
ai ise in being highei' liian the ohniic alloy temperature for for example tlie aforementioned curing temj.^erature making OMIKXIJ 
join a base electjxide to a base layer like when | according to claim 5 ] a semiconductor device is a mesa type Iieteroj unction 
bipolar transistor, as for curing temperature, it is more desirable thmi alloy temperatiire lo make it low temperatuj-e at least. 
Moreover, a \h\ng | making the aforementioned curing temperature into low tempera tiu*e like for tlie same reason at least than the 
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nhinic alloy teinpcrnlurc for ihc source, the heat-of-aclivation processing lem])erature oflhe ion-iniplanUilion field ofa drain, or 
ohinic electrode i.iroduciion in the case ofa tield-effecl transistor | according to claim 6 is desirable. 

\OiU0] ARhongh selection oflhe passivation lilni on t^lie front face ofa senuconduclor is veiy important for realization of HBT of 
a Llctailed size which was excellent in a high cnrrent amplification factor, a RF property, and reliabihly like the abtn e, the mjuiy 
especial Iv when depositing an insulator layei- in a com]:iound semiconductor and stress will have a bad intluence on a 
semiconductor interface, and will cause property degradation includmg the reliability oflhe detailed size MBT from W'iuch a pen 
ferry comi.Kment becdines dtuninanl. as a j.^assivation film with lillle the injuiy at the lime of deposit inn and stress -- an organic 
swsiem insulator layer -- desn-able - the inside of it -- the inside ofa film secondaiy -- the SA1KUR( )T1:*N resin in which low 
In groscop icily and n\\-)k\ moislure discharge nature are shown, excluding degree product, especially a BCF3 resin film are the 
opiiinal as passi\'aiion films on ihe from face ofa comiK:)und semiconductor 

|0()2 1 j Formation oi"a detailed conte baton hole is enabled in this invention, using die above SAlKUFvOT liiN resnis. especiallv a 
{ IK^^B resin film as a j^assivation film t.m ihe Ironl face ofa comiiound semiconductor. 

i |(^022] For example, it is possible by the following process to form mesa tyj.ie HBT which has a conlacl through lH)le for wiring 
on an electrode 0.8 imci-ometers or less using the above-mentioned BCB lilm on a passivation film. 

(1) The process which manufactures the organic system thin film passivation film which is made to harden the above-mentioned 
Bc;B resin completely, and bears the surface jiroteclion of Above FIBT by applying the varnish-like BCB precursor which 
contains the chemical bond of silicon elements and makes a carbon element the main skeleton into the molecular structure i\v llie 
spin coaling method on the wafer which carried mesa type HB'W and earning out curing at low temi.ieralure at least al least than 
liie base-electrode ohmic alloy temj.^erature of Above hIBT. 

(2) The i,:irocess which deposits a silicon oxide on the above-mentioned IHCB tliin film at the membrane Ibmiaiion lemi^eraiure 
wliich does not exceed the curing temperature at the time of the above-mentioned BCB tliin film fabrication al least. 

(3) a u.se as mask [ihoioresisl bv which patterning was carried out on above-mentioned silicon oxide, and using 6 tluoride [ ethane 
I (C2F6) gas at least reactive-ion-etching | silicon oxide / above-mentioned ] (REE) method - etching -- the process which forms 
ilie contact hole for emitter electrode wiring ofa detailed size by *****»f'**H=>t=ji^g above-menlioned BCB thin film 
allernatively to the abo\'e-menlioned silicon oxide the back by the RIF. method using the mixed gas of 6 sulfur lluonde (SF()) and 
oxygen (02) the bottom 

1 0023] Aldiougli it has the performance which was excellent as a pa.ssivation 111m, since the aperture for wiring contact of detailed 
size can be formed with suHlcient rejieal ability by the oj^tical exposure j:ihotolithography and the RLE method to the ditficult 
\arnish-hke macromolecule precursor (for example, BCB film) of processing in this invention as mentioned above, high 
integration of detailed HBT with an emitter electrode width of face of 1 .0 micrometers or less is realizable. Therefore, a high 
current amplil'ication factor and good RF properly is realizable. Moreover, since tlie varnish -like macromolecule precursor (for 
exnniple, BCB film) which has low hygroscopicity and rapid moi.sture discharge nature as a j.-jassivation film is used, a surface 
recombination cuireni can olTer FDiff ofa detailed size which was excellent also in reliability few. 
10024] 

[I^mbodiments of the Invention] The manufactui'e medKid oflhe Iiil-VlnGaAs system FIBT by this invention is explained using 
drawing 1 - drawing 10 , and drawing 1 1 . E^rawnng 1 - drawing 10 are drawings showing the cross-section slruclure fonned at 
each process in order oflhe i:)!-ocess oflhe manufacture metlKxi in the geslalt of lliis operation, and are tiie cross-section structure 
schematic diagram seen from the field diiection where reverse mesa structure appears (01 1). However. " 1 " in the display oflhe 
ahove-mendoned held direction shows the back bearing of "1 Moreover, it sets to each drawing, while giving a slash about the 
portion foniied or ]^xicessed mainly at the process concerned, a sign and a name are indicated, and the same portion as front 
drawing attaches only llie sign. Moreover, drawn ng 1 1 is tlie outline plan of HBT fonned by the method of tliis invention, and 
mainly show^s aiTangeinent of an elecli'ode and a through hole. 

1 0025] The mcmufacture method in the geslalt of this operation is based on tlie process wliich uses an emitter electrode as hors 
d'oeuvre and fomis a base electrode in a self-adjustment target, and each el e(M.roiie,ig.fonned b;v_yacu um evapoi^ono and the 
lift-o ffnietlio d. hi addition, the basic {^ixicess of diis formation methocTis illustrated by Japanese Patent Aj.iplication N~No. 
2'?58S6 [ three to ]. 

[0026] Drawdng 1 a field (100) on die half-insulation hiP substrate 1 used as die main front face first, by epitaxial grown 
methods, such as M(.")VPE and the gas source MBE To a collector, olmiic nature resistance The high concentration n type 
imixirily for forming To the included InOaAs collector contact layer 2, tlie collector layer 3 which consists of Inl^ and InOaAs, the 
InOaAs base layer 4 wliich doped the high concentration p type impurity, tlie h\l-' emitter layer 5 which doped n t\'pe impurity, and 
an emitter, olunic nature resi. stance The laminated stnicture ^vhich grew epi taxi ally tlie InGaAs emitter contact layer 6 which 
do [led die high concentration n type impurity for tbnning one by one is shown. 

[0027] The band suiicture is designed ultra high-S].")eed and for high j^ressure-proofing, and the ei.:)ilayer structure where the Inl* 
layer 3-1 which do]:ied n type impurity, the InGaAs layer 3-2 which doped n t}q.ie impurity, and the undoiiing InGaAs layer 3-3 
were grown ejiitaxially one by one is used for the collector layer 3 which consists of InP and InGaAs with the geslalt of this 

(iperation. 

1 0028] Next, drawing 2 shows the process which forms tlie emitter electrode 7 on tlie hiGaAs emitter contact layer 6 oflhe 
laminated-sti-ucture object shown in drawing I . This emitter electrode 7 consists of a WSiN film fonned by the Ti/lM/Au/lMAf i 
laminated stnicliu'e or s]i alter, and the RIE method which are fonned by vacuum evaporationo and the liltjjl f niethcx J. It is the 
feature to make the hexagon, as die llal-suiface configuration oflhe emitter electrode 7 was show-n in clrawnig 1 1 , and for a field 
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{0\\) direction to jonn emitter length at this time, and not to include a field (01 1) direction in emitter width of face (S. it is 
illustrated bv Yamahata, KKurishinia. I-I.lto, ant! Y.Malsuoka. "IHEE GaAs IC Symposunn" 1^95. and j^ji. 163- 16(S). 
|()()20J Next, drawing 3 uses the ab()\-c-menti(ined ernitler electrode 7 as a mask, and react u'c ion etching (HCR.R110 using the 
source of plasma excited w^'ith the electronic ivsonance cyclotron is used, AJler perfoi-ming anisotro])ic etching (the 
pci-peiulicularity of the etching side is realizable for chlorine gas to an etching mask by adding argon gas) by chlorine / argim 
nn\ed gas until it i-eaches the InC.iaAs emitter contact layer 6 at least. The jirocess which i= * + * * * the InCiaAs emitter 
C'MV.acl la\'ei' 6 allei"nati\'ely to the InT emitter la}'er 5 with a citric acid / tiNxlrogen-peroxide-stiluiion solution, and next 
■ -^.wi^sf^ri^:^**;;:^ j^p ^1111(1 CI" lax'ci' 5 al t cma 1 1 x'cly to the hiGaAs base layer 4 \\'ith a hydrochloric acid / iihosphonc-acid solution 
1^ .^ho^\1l. 

|()()30] Side etching of the InCiaAs emitter contact layer 6 is carried out, and an undercut fieltl is Ibrmed m the bottom of the ma.sk 
of the emilter elcclrtKle 7. The Inl' emiUer la\'ci' 5 will use this bidaAs emitter contact laver 0 as a mask, and it will ********** 
M\ using the conibtiKition of l-CRRll-: and seleclion wet etching as mentioned above, einitter-mesa slruclure including a suitable 
uiuintily of an undercut field is reali/able under the emitter electrode 7 excellent in the homogeneity within a field, and 

icpcatability. 

|()()3 I ) iNext, drawing 4 shows the process which forms the base elecu-ode o jji PtAfi/Pt/Au laminated structure m the whole 
surface on the abox'e-mentioned emittei--mesii structure, and the predetermined j^tortion on the InCiaAs base la\'er 4 by vacuum 
c\ aporationo and the lift -ofl'inetln> d. Since the undercut field is Ibnned in die bottom of tlie emitter electrode 7. die ba.se electrode 
s b\- winch vacuunfeVaporationo was carried out can form die self aiyne In.? emitter / InGaAs base structure whei"e jiarasitism 
Ivise resistance, and the base / collector junction capacity is \'ery small widiout connecting \\'ith the \\\V emitter la\'er 5 too hastily. 
Moreover, since the held direction trom which order mesa structure appears and tlie !:lat-surface conllguration of the emitter 
electiTide 7 causes the short circuit of a base electrode 8 and the InF^ emitter layer 5 (01 1) is not included, the seleclion w^et 
ciching of tlie Inb emiuer la\'er 5 can be managed with the required minimum amount, and is excellent in the homogeneit\' within 
a field, and repeatability. Moreover, good ohimc contact resistance is obtained by perfonning ohmic iieat treatment at 300 degrees 
C after the m etal lift oiTof a base ele ctrode. In addition, partial S' fonned on die emitter electrode among the base electrodes 
formed at thi's process becomes together with an emitter cTectaKle, and becomes the emittei" electrode 7. 

1(H)32| Next, using a jihotoresist mask, by carrying out wet etching of the InCiaAs base layer 4 and the InlVlnClaAs collectoi- lax'er 
^ alternatively using a citric acid / hydrogen-peroxide-solution solution, and a hydrochloi'ic acid / phosphoric-acid solution. 
Lii'awing 5 exposes the InGaAs collector contact layer 2, and shows after tiiat the process which tonus the ctillector electrode 9 tif 
a ITPt/Au/f'tAri laminated structure by vacuum evaj^t-irationo and the litVoflMnethod. 

1 003 31 Next, after drawing 6 caiTies out mesa etching of except for the active element section and performs separation between 
elements (not shown) b\' earning out wet etching of die InGaAs collector contact layer 9 with a citric acid / 
li\'drogen-peroxide-solution st)lution using a phot(^resist mask, it canies out spin coating of die SAIKIJRGTEN resin f^CHjiU 
o\cr a water, and shows the process which performs 250-degree C curing andJbrmsd^^ m a 

scniictinducior front face. Since viscosity is excellent iirilTitlTann'e Forth e low reason and can avoid the troubHToTa stage piece 
etc. for a wiring process, the HCH jirecui'sor is effective. 

10034] Aldiough the above-mentioned curing temperatui'e is generally ]:)er fonned at a reshi maker's guarantee temperature, it is 
set as low tenipei ature rather than the ohmic heat treatment temperature alter the metal lift olTof the liase elecU*ode shown by 
alorementioned drawing 4 at least. Tins is for avoiding the 0]:)eration which is not desirable as for expansion of the alloy range etc. 
b\' impressing tem]:)erature higher than heat treatment temperatnre. In addition, altlioiigli it diifers from the gestalt of this 
operation, it is desirable to make curing temperature into low temperature for die same reason as die al:)ove at least than the ohmic 
allov temperature for the source, the heai-ot-activation ]:irocessing temperatiu'e of die ion-hn]dantation field of a drain, or ohmic 
etecu ode production in the case of a field-effect transistor. 

[0035] Moreover, since the positions (dqHh from a BCB film front face) of the emitter electrode 7, a base electrode 8. and a 
collector electixide 9 diJfer as .show^i in drawing 4 , die thickness of BCF^ applied on each electrode dilTers. For an emitter 
electrode top, with the gestalt of diis o])eralion, die thickness of BCB is | the 0.7 micrometer and collecloi -electrode top of a 0.2 
iiiicrometer and base- electrode top ] about 0.9 micrometers, 

1 0036] Next, drawing 7 shows die pi'ocess which perfonns patterning for pad wiring contact through holes by the photoresist 1 2 
on the emitter electrode 7, after depositing a silicon oxide (Si(;)2) 1 1 by the plasma CVD method all ovei' the wafer which applied 
tiie above-menUoned BCB passivation film 10 to the whole surface. In addition, tliis silicon oxide 1 1 is used as a layer insulation 
fdm. As shown in the plan of drawing 1 1 at this time, the pattern of a pad wiring contact through hole is fonned also on a base 
electrode 8 and a c(^l lector electrode 9 simultaneously widi the emitter electrode 7. 

|(X)37] In addition, since there is a possibility of jirodncing a certain chemical change on the BCB passix ation film 10 as it is more 
than the curing temperature of the above [ the temperature at the time of fomiing a silicon oxide 1 1 f as for a silicon oxide i I . 
fonning below at curing teni]:ierature is desirable. 

1 003 8] Next, drawing 8 * + *****+**s the above-mentioned silicon oxide 1 1 by Uie reactive-ion-etching {\UE) method which 
used 6 fluoride [ ethane ] (C2F6) gas, and shows die ]:)rocess which forms an apertiu*e 13. By using 6 Iluoride | eUiaiie ] gas, 
selectivity widi a photoresist 12 can secui-e to some extent, and peipendicular anisoti'opic etching [ try ] is possible. 
1 003 9] As one example of the etching rate using actual C2F6-R1E, it is photoresist: 25 nni/min and about Si02:35 nm/niin in 
LiuniUily-of-gas-tlow:50sccm, gas **:2Pa, RF power: lOOW (]iower density : 0. 14 W/cm2), .substrate 

Liu;ility-of-die-matei*ial:Teilon, and the etching conditions made into the temperatiire:room lemperatuie. this exanijde thickness 
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I (irsi02 ]: -- it is 300nni and about [iholoresist: 1 .2niicrometer 

[0040] Next, drawing 9 shows ihe pixiccss wliich Ibniis the contact through hole 14 by using above-mentioned photoresist / 
silicon-oxide aperture 13 as a mask, and *>K****>i<***jj^g 3(^3 passivation film 10 by the RUE method using the mixed gas of 
6 s u 111 t r tluoride a nd oxyg en. 

1 00417 In addition, althotigh only the contact through hole 14 on the emitter electrode 7 was shown m drawing 9 , as shown in the 
[ihin of drawing 1 1 , a contact through hole is simultaneously fomied also on a base electrode 8 and a c( )l lector electi'ode 9. In 
drawing 1 1 , 14-1, 14-2, and 14-3 show each contact through hole on the emitter electrode 7, a base electrode 8, and a collectdr 
electrode 9. Moreover, 15-1, 15-2, and 15-3 show each pad wiring. 

|0{142] The thickness of the BCI3 passivation lllm iO on the thickest collector electrode 9 As mentioned above, about 0.9 
micrometers. Although the BCI3 lllm on the emitter electrode 7 is being about 0.2 micrometers on llie thinnest emitter electrode 7, 
;iiul removing all the BC13 111 ins on a collector electrode 9 to remarkable over etching Since select i\'ity can be taken to the mask of 
a siHcon oxide 1 1 by using 6 lluoride | sultiir | gas and the mixed gas of oxygen, even iJ'it perfonns over etching, the mask of a 
silicon oxide 1 1 does not reti-eat sharply. For this reason, the ixid wiring contact tlu'ough hole 14 on the emitter electrode 7 of a 
detailed size, a base electrode 8. and a collector electrode 9 can be tbrmed at 1 time of a process, and a throughput can be 
shortened. 

|(l()43] As one example of the etching rate using actual SF6-IRE, it is BCB: i 15 mn/imn, photoresist: 105 nni/min. and about 
Si( )2;20 niii/mm m quantitv-of-gas-tlovv:6 fluoride [ suTFur ] 5^c\^m/ox7gen 50sccm, gas '•'"MPa, RF power;70W, substrate 
quality-ol-the-material:Tenon, and the etching conditions of tehiperature:room temperatiu^e 

1 0044] In addition, since the etching rate of BCIB to 6 lluoride [ ethane ] gas and a silicon oxide is of the same grade and large 
selectivity caiinoi be taken wiien 6 lluoride [ ethane ] gas RIE is used and BCB is etched instead of I'-^ilE of the mixed gas of 6 
suHiir lluoride and oxygen, prolonged etching is needed and it is disadvantageous for fonnation of a detailed size pattern. 
1 0045] Next, di'awing 10 is a process which forms the pad wiring 15 on the emitter electrode 7, a base electrode 8, and a collector 
electrode 9 lluough the above-mentioned contact through hole 14. In this case, pad wiring metal uses the thick Ti/IM/Au 
(20/20/1 200nm) laminated structure. 

[0046] As menti(.)ned above, according to the i^rocess shown in drawling 1 - drawing 10 , although it has the perfomiance which 
was excellent as a jxissivation film, the aj.ierture for wiring contact of detailed size can be formed with sulficient repeatability to 
the di fficult BC13 resin film of processing. 

[0047] Li addition, especially in the gestalt of the above-mentioned imi,)lementalion, although the most fundamental sti uctui e in 
an liiF^/IiiGaAs system was explained, it cannot be overemphasized by this invention tlial it is not limited to these and can a].iply 
also to FIBT using other-materials systems, such as the hiAlAs/InOaAs, AIGaAs/GaAs, and InGaJVGaAs system. Moreover, 
although the case where a semiconductor device was a heterojunction bipokoj' transistor was explained here, it cannot be 
ox eremphasized that a tleld-elTect transistor is sufficient as a semiconductor device. 
1 0048] 

| l.{lTect of tlie hiventioif] Althougii it has the performance vvhicii was excellent as a passivation film in this invention as stated 
above, since tlie apeiture \ov wiring contact of detailed size can be fonned with sufficient re].ieatability by the optical exposure 
photolitliogi^aphy and the i'^IE method to tlie difficult vamish-like macromolecule precursor (for exam])le- BCB film) of 
processing, high integration of detailed l-HVf with au emitter electrode widtli of face of 1 .0 micrometers or less is realizable. 
Therefore, a liigh cuiTent amj^lillcation factor and good RF property is realizable. Moreover, in order to use the vamish-like 
macromolecule precursor (for examine, BCB film) which has low hygroscopicity and nipid moisture discharge nature as a 
passivation film, the effect that a surface recombination current can offer liE^'f of a detailed size which was excellent also in 
l eli ability few is acquired. 



[Translation done.] 



5 of 5 



10/22/02 4:35 PM 



http:/Mww4.ipdl.jpo.go.jp/cgi-bin/tran_wet:i_cgi_e)je 



* NOTICBS * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document hns been U'aiislaled by computer. So tlie translation may not rellect the original ].irecise!v. 
2.'^'^'''* shows the word which cnn nol be trans kited. 
3. in tlie drawmgs, any words are noi iranshited. 



Dl-'SCRIPTION OF DRAWINGS 
I Mi-ief Description oflhe Drawings] 

[Drawing 1] The cross section showing the result formed at the Isl process in the gestall of 1 operation of this invcnlitm, 
[Di'nwing 2] The cross section showing the result formed at the 2nd jirocess in the gestalt of I ojicration of this invention. 
[Di-awing 3] The ci'oss section showing the resuU formed at the 3rd ]:)rocess in the gestah of 1 oj.iei-ati t ^n of this invention. 
1 1 drawing 4] The cross section showing the result formed at tiie 4th pi'ocess in the gestah of 1 operation of tliis invenlii)n, 
I Drawing 5] The cross section showing the result formed at the 5th process in the gestah of 1 opei'ation of this invention. 

I Dcavving 6] The cross section showing the restilt formed at tiie 6th process in the gestah of 1 opei'ation ol^tliis invention. 

I I )ravving 7] The cross section showing the result formed at tlie 7th i:)rocess in the gestalt of 1 opei'ation of this invention. 
I i ) rawing 8] The cross section show'ing the i-esult formed at the 8th process in the form of 1 operation of this invention. 

1 1 ") ['awing 9] The cross section showing the result formed at the 9th process in the fonn of 1 operation of this invention. 
I Di-awing 10] Tlie cross section showing the result formed at the lOlh j.irocess in the form of 1 ojieration of this invention. 
[Drawing 1 1] The outline [.Tlan of the element in the foi^in of 1 operation of tliis invention. 
[[)escription of Notations] 

1 " l.nP substrate 

2 l.nGaAs collector C(. intact layer 

3 " Collector layer 
3-1 -- 111? layer 
3-2 -- hiGaAs layer 
3-3 - hi G a As layer 

4 " InGaAs base layer 

5 " In.P emitter layer 

6 " InGaAs emitter contact layer 

7 " Emitter electrode 
S Base electrode 

9 " Collector electrode 
If) -- BCB passivation film 
1 I -- Silicon oxide 
1 2 " Photoresist 
1 3 " ApeiUire 

14-- Pad willing contact through hole 

14-1 — Contact through hole on an emitter electrode 

1 4-2 - Contact tlu'otigh hole on a base electrode 

14- 3 " Contact tlii'otigh hole on a collector electrode 
1 5 - Pad wiring 

15- 1 Pad wiring of an emitter electrode 
1 >2 Pad wiring of a base elecli'ode 

1 5-3 - Pad wiring of a collector electrode 
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20 [00 23] l.W)X ■'> liZt^^mziiV^XiX . 'N'-v y--^'- 

-y-3 ym± Lxmiizm'ii:^i-x\i^-^hm\\-i.o-)m 

L.uy xX--Kffi^)--^f j.ifgf*: ( mt a B C B )1 ) fc^Ff L 
i*). X 5 -y ^-liWg 1 . 0 /( rnUTi'.-)Ki:*lill-I B TSOSjm 

[0024] 

s9SHBTi7,)S}§:fe-Si'l2:i.--[l I Oftiyiai 1 irffl 
o-ctijR^-r^. 1211-111 oli, if-%mcmm<<zhi.iz. 

K}t*iS<7)XSI«ic, '^^i-Fii«XlS-e;ili^)«$fi-y;:li:frIli 
t»jtS:.T<-rilT-S>'5. ii^-'nitit*'A'o.bil'5, (0 1 

40 -r, tfz. ^m^zhwai. ±blxmj:Mrcmi&.± 

tzwm.^titzmt^z-:>\ vc [imi'kmt'c mz^^ t 

flEimijTll'CS) 0 - ± i: L.-C««g .X /I.— ri; -/U<7jgilit 

[00 25] *SJt<7;:IB^BE.(;:l-5lt«)Mii:';iili- x := y 
^mSfr5ttt(tt^ L-C^-xtlSS- ieS^^fl■'J^^tf3lt-r 
^7"D^-.xtcffi'^^ i-5 1 . •trmffilii;«&l^''J 7 1- :t 
7S(:,t-.TffM^n.'f:.„ ;:c^3, Cc7»fM:/jjfec7)^>t5:7" 
50 o-t 3-2 9 5 8 S 6 ^iZfm^tiX i. > ^'I. „ 
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[ 0 0 2 0 ] ^ -f. 0 1 (i: . (1 0 0 ) M5-±^S c t 
^ ^-^^tii I 1 1 1-' iie^ 1 ±.i-^ - M o V p E . t!?' X y - X 
iVl B E IJ^.-^.^x t::' 9 ^ >'\iltiin:mz X T , :3 U :7 

■ir>li- 1 ri G n A s :7 1.- 7 ^ >- ,5^ l-if 2 . ] nPc ^ 
n c; a A s /j^i-Am^iil n u 7 j^if 3 . iiliilgp 
m.rl- y^-r Ifz T n G a A s 7Ji 4 , n mT^W^^ 

/:: 1 i-i G a, A s X ^ 7 n >' .-^ ^ h if f :> JURiXX ^ 
[0 0 2 7] T n P i: T n G a A s /rAtMeil-S) U 

if 3 - K n m^Hm^: \' - '/ Ltz 1 n G a A s If 3 
- 2 . I>-r T n G a A s 1 3 - 3 t";^ 

[00 28] mz. m2\i. m i (c^Lz-cWiflSit^^^; 

I n G a A s x ^ -9 'J y -9 -7 V if 6 ^^i±^^x >■/ -9% 

ti. ~mM'm') 7 h:t7ST-iBf3£^:f-UiT i /P t /A 
u /P 1: ,/T i %M^'m.hh\^\tX^^v 9^i£^lkrJl-i 1 E 
aT-jfM^tL-g^VVS i N^^w',^-^. ^<7)lf$, XS 7:^ 
tlSi7^0Wnflmii:. 01 1 (C7j^L/'^ff?t^7^:ftr^5:^L 
, (Oil) ffi:^fji;0^x$ 7 j='-jir-iTML. X5 
7 9mi (Oil) ffi:^flS:''^^ t^i.^^ h'//^#ISrJ>-^> 
( S . Ya ina ha t ,a , K . K ur i sh i ma , 1 1 . 1 i ,n , an ci Y . Ma l.su n k a , "IE 
EI: (laAs 1 C Symposium" 1995. pp. 163-166^w&lj7K$ ;f'lT 

[0 0 2 9 ] mz . [13 (i . _tfex S 9nM7 I' -^7. 
viS&ffl^•^/::K^E1^'<-^>'X^7'^y/ (ECRRI E) 

( tli^ izTju -^vfjx $r ?jf^Jnt h Tx 7 
X (C)^J' L,. 'C X 7 f - y 7'"(|iJMr/>ll lEfi/j^'ll^ir ^ h ) 
r :i^'^'< I n G a A sx5 •7:5'^a>':^::^ h/i6^C3i 
-t^.^.T-fr-'/'^m. ^x>wmMl:7j<*7Kt§fi5tci: 0 

T nGaAsX^ 7:5'r7>':^-7 h/lbr T nPX^ 7 

1 5 \zn Lxmm^zx. .y L . mz'^TM/ u ygg 

mW:\ nPX$ 7:^15^ 1 nGaAs<-,Xl4(-C 
[0 0 3 0] I nCraAsX^t 7.5'r/yf '7 hifOii:'';'- 

-f VJ^y-)-yy$ti. X^ 7 :7TO7cOVX:7T^CTy 

'y f • mmMf^^ri^^ . i n fx ^ 7 9M5 

0]) ] nGaAsXS 79^y99 VMdy ^'^^rX9 {ZLX 
X7^y/Sii-S>^ht;:^^. ±ia^Ji: -)(cECRR 1 
McmK^yy. 'v hX7-?->'/c?)ffl;^^^;i:i-li-$-ffll^^.Ci: 
t^J:0. ffirt^^^j-flt. Wm{zmifzx,^^y9m^l<r) 
T{-z^Mi[\ftO')ry 9-fi 7 h pltst^-'&rt^x El 7 



( 5 ) '\^fi^^ 10-3 0 7 2 (J 

8 

[0 0 3 1] <X{z, m^iit. _IJ[!^:)X-: v 5^./-t^^ji± 

0^' I ri 0 a A s -^x- X JS 4 ±c?.")rJf TilSISiri.: T ' 
t /T i . P i:./A u llllS3HC^:)^s-Z?gffi8 

5 'v5'mEE7Ttc7^>'^''"/v- vwm)m^sj^iv:v^i> 

tg-&?^l:/^^li^^T^b^vi-t;L7 7^^7-f > 1 n Pj:.^^v9 
' T n G a A s ^-XtM^ty^^ffi^^'C^ I. t^l, X i 

1 1 II PX5 -^9m5comm^^m< ( o i n ffiTjfs 

Sr^^^^-i-^/::^-). I n Px.^ -:5^ii3^')iiiil«^'^x 7 l^x 

-^^y^-ij^'mmA-c}^^^. w\m-n\. wmxz{», 

ixh . tt:. ^—x%\^(^).>< -9 ^L' \) 7 V'^ 7 3 0 0 X\ 
•C-^- V/ ■7lili/i];ffl£'i'T-3 Z t izX '0 . ^,m^r^~ ^ 

9mmt)i-fmhii.6. t^:^^. zo'):mxi\m^rd'z< 

8' y\ xi; •y^l;ei^-Jfft(;:^-.'Cxi! 7 5^tl£<i7> 

20 [00 3 2] dZ^Z . El 5 tj: . 7 h U y.'K h X r_ W] 
I i'C , I n G a A s K-7^MA 'fiXf I a P / I n G a A 

s 9 9m3^ 9 x.y^/mii\zyY^%mm. mt/ 

^ '9 . 1 n G a A s I7 1.- 9 9 :7 y 7 h M 2 ^'S^i* 
^-tf, 'COYik. ^^at/U 7 h:t7a-CT i .7p t: / A 
1.1 /'P i:./T i 1SJf^®tcOr? U7 ^'mi!5^9^iBlSi"oX 

{ 0 0 3 3 ] YX[Z. H bti:. 7 ^ h U^" X h v x-7 rffl 
I vc T n G a A s n ,-5^ n y .-^^ ;/ h 1 9 ;^ x >' fi^,- " 

0 . tliOiJj^g^MtWi- ;<-^/x>y^>',/LT^-m»^l 

BgBCBi'Xh"yn-r-Y V/L . 2 3 OT:^^-^ /i-7*l) 

0 '^W^m-hSM^^^- Lfz ijOY'Ch^^ . B C B Ml^l^^ti 

myMU~^rz^^mm±\zmvc n o . ^m^x^^^o^y.^z )z 

[0034] llZoy^ -xT IJ >'^-'?^JS{.j: , -flJtiiifflljg 

^-i](J)Um:mX'\r^j: 5 < h -h mTiMA X^ 

40 Lfz^-r^M^CT):^ ^ 'J 7 V 1 7 t^fec/)'^- il 7 9f^S^^ 

mm,x ^i%,m^im^ztm^fh . zixit^mmis^x 

D ffit K^- WJPl' h Z t iz X r 7 n ^ mBc^md: 

mm±ixmhfj\ mmm hyyyx^ax^^iz 
is t , iMrit nm^^mMz x o , --v- t 'j y 9'(^fs. 

^^^y9Ta>! im X ni>i&^^ ^ismzi- 1 z t tm ± 

50 [0 0 3 3]^/;:, mAl^Z^-i-X oiz, x ^ -y 9mi, 
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^ i 1^:: B c B c^Mm±^Kc o T i ^ . ^^miii^^^BWClt 
B c: 1:1 <7'Mm±'S. S :?'mffi-h{ J: 0 • 2 m . 

j 0 , 7 M m . n b 7 .^€S±(i 0 . 9 ;/ iiiTf l^e'C^) 

[ 0 0 3 b ] , [a 7 (d . ±1 S B C B > \^ n 

:■' 1 0 r <mcm^ Lfz ^> ^'i;>■ca■^c7''7 c v [) 

ST U -J >mim ( S i O2 ) 1. 1 5r«mL;^:f&. x 

{ 0 0 3 7 ] -^sii . 'J n y Mim 1 1 '^m\^th 
r,^, tuK^.) r \} yn^miL\i'::'h it. b c b / ^ 

[00 3S] mz. mSU. J:|[lv';r;>m)il I^^ 

■yf~>"/ (HIE) S-ex-y-/'>-/L. 3rJ[^ 

[00 3 9] S|f^c7)C2 Fn-R r Ei-fflV^/cXv-f-y^- 
i.^h(7)~-mmt LXi±. ^/jy^'m. :30s c c nu 
y/7.)± : 2 Pa. : 1 OOW ( AV-^I^; : 

0 . 1 4 W./'c m2 ) , : r 7 L7 >\ ^fiS : M 
iEi. t Uz:^-/^y9'^mzioV^X. 7 >r M">'X B : 

2 5 n m/'m i n , S i O;; : 3 5 n m/'ni i nSJS'C 
hi. ^omtm\'C\tS l 0 2C^)B^/|: ; 3 O O nm. 7 
;r B B- B : L . 2 ju mSKTvt) . 

^ymmmi\M\3i^::^.-9^zix^ A7 'v-mnt 

3 > )fM 1 0 i'X ^y^-^-l) ; h (.c J; 0 . n y ^ ^ B.x 
/B-ri~"/B 1 4 $:m'r^-TT^.$:.^>L/ct>^rCc5^->. 

[0 04 1 ] ^io. ia9tc{ix5 •y>'^li;ffi7±60r/>:S^ 
Bx;B~:lv-;Bi 4co;^^^L/'^//. lai i^J^lSia 

fHilu#(cn>'5^:7 BXyU-;h-;L.-rfr:Mi'^">. [11 1 i::^ 
iv^ii^ x:^ -v :?^l:a^7. '^-Xl:1iifiS:ioJ:LXnU:7 ^ 
nM9 }iO)^'cM'ii(noy 9 9 B XyU-T^-zB^r 14- 
1, 14-2, 1 4-3T"^LTV^/:.. tfz. 15- 

1 , 13-2, 15-3 It^ii^mov V BB«1^^ 



( b ) 1$?3^B 1 0- 5 0 7 2 0 

1 0 

[ 0 0 4 2 ] WMkI ■) iC . BC; BJ^".' >K~i^' s yM 

1 0c^;)ffc{ii:{>i5VM;u 7^'?E®9„hT0. 9 mfi' 

It, m-im^^^^'v 9m&i7±:to.2 jcmnMv.h 

9 . 'jy9 9 9 ±c;:) B ( : b M t ± t mi: -^li-UiJi 
/(:'5n:'>^v ^^7 vftasm>yx^ n.^^7-)fj-&7:?"xrffli ^ 

C ^ 9 n veS'fl^M 1 1 c^)'7 7 IXMiRlii}^ 
t fil(7)X\ :t-A-x v-By/5:fi-'=T 9 -J yW 
im \ \c/)'^rA9ii±miZ'im''^i:itittj:^\ zcrr.z 
10 c^9— fTilc^')X15X'K$H^'Si7)X-^ '7 ::y'l:Si7 , ^-XtES 
8. ^3h-9 9%^9}lC^v'^-/ YWMcny9 9 Bxn--;h 

"/Bi 4'/j'-JBis:ri^ x;B-r>7 B//-s«rc^^->» 

[ 0 0 4 3 ] WM<^) S F 6 - 1 R E 1' ffl ^ ytz X -1^ y 9' 

0 s c c m/^m 5 0 s c c in . : .1 a . H 
/^7- : 7 OW. ^tin : r7ny. (S.m : ^0 
X'7^^,y^•'■^(-t4::i:>V^r ^ BCB : 1 1 5nm/mi 

n . 7 h U-y-X B : 1 0 5 ii my" in in, S i : 

2 0 n rn /■'' m i n U& Xh h „ 

20 [0 0 4 4 ] , 7^ 7 fW.Rlil' > §5-^-7)^1 ^-X/\>UO l^i 

1 E^0f-t;l:)9t^:, 7s7 •V'fbX <'>'>y7R 1 Ei'fflui:B 
CBc/)X-y^>'/^fTio/^^|^(;:ij:, 7^7 ■7 fl:x:^y 
•/fXiX/A-i-h B C: B i: y 9 ymiWiO)X. -y -;-y - 

cox -7 9- >' ///'^-l! h ^i: 9 , m^-\''6x-^ > .-f' >' 7^)ff^J^.*<;('.:{i 

[004 5] dl\l. miO\±. Jincl::?>'^^ BxyL— ;h 
-yl-l 4J-3iLTx5 •7:?'tg:®7 , ^-xUffiS, :i U 

30 j:c7:)^|i^, BEii;< ^';B{J;Sivr i /'f- t /a u 

( 2 0 2 0 / 1 2 0 0 ri iii ) Silffi-jt ^'ffl I -^T v ^-^:> . 

[ 0 0 4 6 ] 0 i^z. mi -la 1 0 tc7T^ Lfcxn 

(I J: 9 , -y y^-i^' h »Mt L Xffii 1/^14 tEi^W B T 
(iu^./jvjnX7)Sil.^^ B c BmrnWizM IX . »f37--f 

x7)0Msir? y9 9 hmm[M^mm&: < jb^-c^ ^» . 

[0 04 7] ±tS^JiEc/m^t::^:it'>T(i, T 
n P/'' I n G a A s ^(Cioit'^Bl 'LrJE^fJ^^-Mitt^iov ^ 

1 riA 1 As/1 aGaAs , A 1 GaAsy'Ga 
40 As. in G a P/G a A s m^(/M(7)fmW<'S:W\\ ^tz 
HBT^K-hmf^X^^ hZtidK^') tXhK;:\.K tfz. 1 

^ y>'X 9 Xi:j tUM tX-h'^^ci-K 
I 0 0 4 8 1 

Li ^7x x:ir^^4^frS[^f* ( &ii/Lif b g b 

m ) t^i^ L X , fiicMl-t ^ x*7«S 'jy9 9 h miimz 
50 itS^Tt 7 z h 9 V / 7 7 .< .ai'^' li I E a^Tf? IHtt i^, < B 
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( 7 ) 

1 I 

[111 ] A^mpy-mmc^mmizt^iiim \ c^n:M''cm lo 
[12 2 ] -^^m\<^)-m^c^mmzf^irz>m2(7)i:Mvm 

[09 ] *^PflO-||]!ife^ff^JS(^:^i[tr..m9vOXf^!T^^^^ 



10-3 0 7 2 0 

.1 2 

i' L Tt: fi^S r ^ -^"IBf rail. 
[Ell 1 ] *?Si^c?)--^SL^ofi^ri§(^:>Ji't^>m¥c^:)m-^ 

1 ••■ I n pmm 

2"- 1 riC;aAsi?U/'3^:::)>'?'7 

3~ ! ri Pjf 

^ - 2--- 1 n G a A s if 

3 - 3 • ■ ■ I n C; a A s M 

4--- I ii 0 a A s^- XII 

3--- I n PX^ ^7:^l 

6 • ■ • L n 0; a A s X -/ -9 :/ y-9 7 V .1 

7---X X 

I 0---BC B>^-y - >')M 

I 2---7^- M->'XI^ 

1 3- --im§p 

14- 1 •■■x;^ -y ^li£gi±(/):/y v:k}V~'.\\-^ 
1 4 - 2---<-Xl;@_hcO ::::>' :7 h X/L—j^-yU 

1. 4 ~3---m/^ ^ 7 t-X/^-:l^-/l 

1 5--v-vy KKI 

1 5 ~ 1 • - ■ X i '7 :^ 'HS^).^ ^" H' WM 
1 3-3••■=7^-^:^1ttS^O.^^"'v^"M« 



[Ell 



[02] 



( 2 ) 




1 n G a A « 



I 11 I'X-J -y^TB 



^J, I a G a A a 



1 PJ£& 



- I n G ft A s 1^;-^ 



I n FX 5 r/if JS 



1 uGa-A »^-:3..ia 



1 iiGaAB3U'i/ifi]>^^' H 
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'^^m^f 10-5 0 7 2 0 




1 
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